SUMMARY
general theory of human performance or human information processing". If we are to discover what limitations may be relevant to the anaesthetist's work it is necessary to have an idea of all the tasks that an anaesthetist may undertake whilst giving an anaesthetic. Smith 2 quotes a comprehensive list in Recent Advances in Anaesthesia and Analgesia. Bach and Bruce 3 have also enumerated these and from their description we can see that many things demand simultaneous attention:
"During an operation the anaesthetist monitors several sources of visual variables such as: ECG display on an oscilloscope; position of flowmeters on the anaesthesia machine; fluctuation of pressure gauges in the breathing circuit; drip rate of fluids administered intravenously and oscillations of the gauge on the blood pressure recording apparatus. Concurrently he must listen for heart beat sounds in an esophageal stethoscope; the clicking of a pulse monitor if one is being used; the soft sound of normal breathing transmitted through the breathing tubes; the abnormal hissing sound of gas escaping from some point in the breathing circuit comprised of patient and machine and the normal rhythmic sound of the mechanical ventilator commonly used to breathe for the patient whose muscles of respiration are paralyzed by the use of muscle relaxant drugs." Whilst observing the behaviour of an anaesthetist in the operating theatre Lambert and Paget 4 noted a regular scanning function between the patient and the apparatus. More recently Boquet 5 and his colleagues have investigated and quantified the relationships between the visual and manual components of 18 common activities with a view to improving equipment design. Both of these studies suggest that the completion of these tasks includes functions which are repetitive, may sometimes be monotonous, but which always require vigilance.
It now becomes necessary to have a clear definition of what constitutes a vigilance task to see if this fits the type of work done by an anaesthetist during anaesthesia. It is also important to see if there are differences between vigilance tasks and other forms of repetitive or monotonous work.
Definition
Olmedo and Kirk 6 define a vigilance task as one "which requires the detection of changes in a stimulus during long monitoring periods when the subject has little or no prior knowledge of the sequence of the changes". During an anaesthetic, the monitoring periods for physiological variables are often long and the changes unpredictable in both time and magnitude. Prima facie, there are close similarities between this definition of vigilance and the anaesthetist's work. Therefore it is appropriate to review the vast amount of work that has been done on vigilance to see what may be relevant to anaesthesia.
Baker and Ware,7 in 1966, tried to determine if a subject's behaviour in a vigilance task could be predicted from his performance on other equally monotonous tasks such as routine sorting, assembling, or the adding of digits. Performance of the sorting task, for example, could be predicted from the performance on assembling or adding, but vigilance performance could not be predicted from behaviour on other tasks. Vigilance tasks appeared to contain elements not found in other monotonous work.
One hypothesis these authors gave for the difference was the lack of automaticity of the vigilance task. Boredom "was less likely to occur when the work was wholly automatic, but boredom would be present in semi-automatic processes which required enough attention to prevent 'wool-gathering' but not enough for complete absorption in mental activity". 7 A further factor in explaining the difference between vigilance and other repetitive work is that the changes during vigilance occur without prior knowledge so that the individual can not set his own pace during this task whereas he can during other routine tasks. Neither of these suggestions explains these differences but they do show that the vigilance task is in a category all of its own.
The length of time that the vigilance task has to be maintained also tends to decrease the efficacy with which it is performed. There is often an initial, small decrease seen within 10 or 20 minutes of the start of the task 8 followed by a much slower deterioration in performance extending over hours. 9 ,1O This decrement is usually attributed to fatigue and may become more rapid the longer the task is maintained.
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Increasing the complexity of the task has also been shown to result in a decrease of performance. 12 ,13 Although laboratory experiments on complex monitoring tasks do not always report vigilance decrement, "the overall performance level on complex monitoring tasks, however, is usually quantitatively lower than the performance on simple monitoring tasks" .14
Time-sharing
Olmedo and Kirk's6 definition refers to only one variable. Bach and Bruce 3 emphasise that several vigilance tasks have to be performed together during anaesthesia. This ability is known as 'time-sharing' and many psychologists have investigated this problem but our review of the literature has not revealed any anaesthetists, anaesthetic nurses or operating room technicians who were used as subjects in experiments on time-sharing so that, once again, application of the work in this field to anaesthesia can only be extrapolated from a presentation of general findings.
Most subjects perform vigilance tasks with approximately 90070 accuracy so that manipulating the variables which affect performance usually produces either no change or a decrement in efficiency. Only rarely is performance enhanced: whereas increasing the time and complexity of the job are most likely to result in performance decrements, if the level of arousal of the individual to the tasks can be maintained then there may be no decrement. 6 The factors which are most likely to be relevant during anaesthesia are the way in which the stimulus is presented, the environment in theatre, changes in diurnal rhythm and the nature of the work.
The form of the stimulus
The mode of presentation of the information plays an important part in the process of vigilance and has considerable effect on the efficiency with which the subject performs. Jones and Kirk 15 compared the performance of subjects monitoring one signal using a visual display with that of subjects using an auditory display. It was found that subjects monitoring the auditory display had shorter reaction times, higher probabilities of responding and showed less variability than subjects using the visual display.
Tyler and Halcomb 13 compared the effects of presenting auditory stimuli alone, visual stimuli alone and auditory and visual stimuli together (time-shared presentation). They found that visual performance was better than auditory. They also found that detection was enhanced when both modalities were presented together under the time-shared condition rather than when either stimulus presented alone. They emphasised that the tasks used were simple and felt that perhaps performance would be adversely affected as complexity increased.
Adams and Boulter 1b on the other hand point out that investigations of monitoring 'complex' displays reveal a complete absence of vigilance decrement and conclude that although vigilance decrement is often substantial for very simple monitoring tasks the attentive powers of the human subject in complex visual tasks appear to be far greater than many would surmise. Support for this work has come from Gould and Schaffer'sl7 investigation of the effect of divided attention on monitoring multi-channel alphanumeric displays. In their experiments divided attention did not result in performance decrement when compared with the performance of a control group without divided attention. These findings emphasise the difference between vigilance tasks and other monotonous work.
Shulman and Fisher 18 used an audio-visual time-shared task and came to the conclusion that the distribution of attention between two sources of information may be controlled by the subject in an apparently rational manner. Although the concept of rational distribution of attention falls outside the current theories about attention, it may give the closest model of an anaesthetist's work involving as it does auditory, visual and tactile stimuli.
The circumstances of all these experiments appear to be parallels of the anaesthetist's monitoring role and suggest that divided attention between, for example, an auditory and a visual display need not result in performance decrement. Further, it is concluded that the conscientious monitoring of the patient appears likely to improve the chances of detection of change and may even enhance vigilance rather than interfering with it.
Signal frequency and strength
Divided attention between stimuli is only one of the parameters affecting performance. Signal frequency and signal strength also contribute to change in performance.
In the Gould and Schaffer 17 experiment mentioned earlier, the stimuli were changed either six or 12 times per minute. It was found that subjects detected at least 85% of the signals when monitoring up to 16 channels with the display changing every ten seconds; even when the display changed every five seconds, subjects detected at least 80% of the signals.
Guralnick l9 and Mackworth 20 found that signal rate (both fast and slow) had little effect on the percentage of signals detected. But Guralnick also found that, while event rate had no effect on performance for a readily detectable signal, fast event rate combined with a less detectable signal resulted in significant performance decrements. Mackworth 20 found that there were more false alarms at the slow signal rate and concluded that subjects were more willing to give a positive response to a doubtful signal when there were fewer signals.
Surprisingly there is no information about the norms of change in physiological parameters under anaesthesia, though it is probably less frequent and may be less readily detectable than has been described in these experiments. It could be hoped that the anaesthetist, trained to be observant, would be more alert in his detections than the untrained subjects of these experiments!
Environment
We have suggested that the time-sharing nature of the tasks in theatre is conducive to the maintenance of a high level of recognition of signal change but it does require that the anaesthetist is basically alert. In the atmosphere within which the anaesthetist works there are factors that could reduce his alertness resulting in a decrement in performance. Of these, noise and exposure to the volatile anaesthetic gases are the most likely to be reasons for performance decrement.
Noise
Noise was found to have either a stimulating or a detrimental effect on work depending on the type of noise and demands of the task. Harris 21 used both continuous and intermittent noise on a serial search task and found an adverse effect of both on that particular task. It is often suggested that intermittent noise may have a greater effect on performance than continuous noise. Childs and Halcomb 22 found that the type of noise used did not yield any significant performance differences, though continuous noise gave a greater percentage detection of change than did intermittent noise. Davenport 23 examined the performance of subjects on a visual vigilance task while they were listening to four types of background stimulation (silence, broad band noise, random music, continuous music). All conditions except random music resulted in performance decrements over time. Wolf and Weiner 24 found that of the four noise conditions they used (quiet, speech, music, industrial noise) music produced the least decrement in performance and they also showed that "unfamiliar noises are more distracting than familiar noises even when loudness levels are equivalent". In other words, if someone drops the instrument trolley you will be distracted but usual sounds will not have much effect.
Suggestions that theatres should have piped music might mean an improvement in vigilance performance, (or at least a diminution in the rate at which attention will wander) and appear to merit further study.
Gas Pollution
Kortilla et al. 25 suggest that a form of habituation occurs in operating theatre personnel when they learn to cope successfully with tasks undertaken in less than ideal conditions. In their study the perceptual, psychomotor and driving skills of two groups of subjects (operating-room nurses exposed to halothane and nitrous oxide during the normal work day and nurses not exposed to anaesthetic gases) were measured and no difference in performance was found. Kortilla et al. suggest that there would be no impairment of driving skills among the long-term employees in operating theatres as they would develop a tolerance to the gases after daily exposure. Such a tolerance could also minimise lapses in vigilance in the operating theatre. Neither Smith and Shirley26 nor Frankhuizen et al. 27 could demonstrate any impairment of performance after exposure to the anaesthetic gases.
Critics, however, are not wholly agreed on this aspect of the anaesthetist's work. Bruce, Bach and Arbit 28 showed that significant performance decrements did occur when subjects were exposed to anaesthetic gases. In a later experiment, Bruce and Bach 29 confirmed their previous findings and extended them, concluding that the functions most affected were "visual perception, immediate memory and a combination of perception, cognition and motor responses required in a task of divided attention to simultaneous visual and auditory stimuli". This means that recognition may be faulty and responses delayed.
Gamberale and Svensson JO postulated that exposure to anaesthetic gases could impair performance particularly at the end of the work day, but that performance would return to normal after approximately 16 hours rest, i.e. by the beginning of the following day. If the exposure-free period were reduced by staying late or returning to duty early it could be expected that performance would be impaired even at the start of the next working day. They compared the performance of anaesthetic nurses with that of a control group of nurses not exposed to the gases. These two groups were almost identical in age and education levels and while there was no difference in performance at the beginning of the work day, there was a significant difference at the end of the work day. One of the reaction time tests showed that at the end of the work day the responses of the anaesthetic nurses showed greater variability than the other nurses. This variability had returned to normal after the 16-hour rest period. Gamberale and Svensson felt that exposure to the anaesthetic gases could be the reason for this particular discrepancy. These three pieces of evidence suggest that pollution with anaesthetic gases may diminish the alertness of the anaesthetist and slow his response time.
Sleep deprivation
In the comprehensive review by Smith and Shirley31 in 1975, they considered not only the effects of anaesthetic gases on performance but also pointed to other factors which may affect the professional performance of an anaesthetist, such as long periods of continuous work, stress and sleep loss. Lisper and Kjellberg 32 investigated the effect of the loss of one night's sleep on a reaction time task of short duration characterised by a high signal rate. They found a general increase (worsening) in reaction time after one night's sleep deprivation.
Morgan, Brown and AlluisP3 found performance decrements in the work efficiency of subjects during a 48-hour period of continuous work and sleep loss. Large decrements were found to occur during the early morning hours of the first night and even larger decrements during the second night. All measures of performance recovered to normal levels after a 24-hour period of rest and recovery.
Performance of interns on a sustainedattention task involving detection of cardiac arrhythmias, after sleep loss and after rest was tested by Friedman, Bigger and Kornfeld. 34 Performance was significantly worse after sleep loss than when rested. Accuracy on the electrocardiographic sustained-attention task decreased with loss of sleep and a few interns require additional time to complete the task after sleep-loss. Akerstedt, Patkai and Dahlgren 35 found that permanent night workers showed high arousal during night work, a result of long-term adjustment to night work. Two-shift workers on the other hand showed a lack of long-term adjustment to night work. "It was suggested that this lack of adjustment is caused by the change in time cues which confront the worker on the alternating shift schedule as opposed to the relative stability of time cues found on the permanent night shift."
Naitoh and Townsend 36 presented data to illustrate the effect of sleep loss on task performance and showed how to detect and minimise the effects of sleep loss when they did occur. It would appear that sleep loss is probably one of the most serious problems for an anaesthetist in that it will result in a decrement of his performance, both at the time and until adequate rest has been taken.
The implications of all this work are that there should be a minimum rest period after extended hours of duty and that night work would best be covered by an anaesthetist doing a period of several months of night duty only. Neither of these suggestions is likely to be welcomed by anaesthetists but, since safety for patients is our aim, they both warrant serious consideration. Future manpower requirements would also be affected by these conclusions, which is particularly relevant in view of present attempts to limit the number of specialists in training. "End-spurt' , As we have previously stated there appear to be differences between other repetitive or monotonous work and vigilance tasks. All forms of repetitive tasks show the phenomenon of "end-spurt", which assumes that performance will show improvement at the end of the task. Catalan0 37 tried to find the relationship between subjects' perceived proximity to the end of the task and the occurrence of end-spurt. Significant end-spurt occurred when subjects thought that the task was 900/0 completed. Catalano realised that while decrement could occur during the task, once the subject realised that the end of the task was near he attended to the rest with increased vigour. Childs and Halcom b 22 found the same end-spurt phenomenon in their experiments on the effect of noise on performance. This phenomenon of increased vigilance has been felt by most anaesthetists towards the end of an anaesthetic. Anaesthetists are also familiar with an associated feeling of "let-down" when the procedure is prolonged beyond the expected finishing time and decrement in performance in this circumstance would seem to be worthy of further investigation.
Conclusion
Our review of the literature suggests that the factors most likely to militate against performance of the anaesthetist's vigilance tasks are: 1. the effects of sleep deprivation; 2. the possibly adverse effects of overload of our time-sharing capacity by multiple sensory input; 3. the length of time during which continuous vigilance is required; 4. the manner of presentation of the physiological data being monitored; 5. the pollution of the environment; and 6. the distractions inherent in a noisy environment (especially those noises that are unfamiliar). Future studies need to investigate further some of the suppositions made in this review. The first step will need to be the delineation of the norms of change in physiological variables that can be expected during anaesthesia. On the basis of these studies it should then be possible to set criteria for alerting the anaesthetist that change has occurred. Once these criteria have been set, improvements in the presentation of monitoring information to make best use of our senses and the associated improved design of anaesthetic apparatus can follow. Furthermore, if it is shown there are maximum periods on duty and minimum hours required off duty in order to give satisfactory vigilance then this will have serious implications for manpower planning and duty rostering.
Another possibility is that the performance of an anaesthetist at a simulated vigilance task based on patterns of change known to occur during an anaesthetic might help to determine the suitability or otherwise of a trainee wishing to enter anaesthetic practice. If this were so, then selection of an anaesthetic trainee could be made more relevant to his future career.
Lastly we commend the wisdom of our founders in putting Vigi/a first in our motto.
